WHEN investigating a case of coma resistance we found a need for further knowledge of the biochemical reactions usually occurring in hypoglycemia. [To economize space a review of the literature has been omr1itted.]
At three hours 3 cases were in doubtful light coma and one had slightly recovered from light coma.
(3) Light coma (17 series of observations, 15 cases).-Range of insulin dosage 60 to 560 units. Mean = 241*7 units. S.D. ± 154-6. 0 to 37 previous number of comas. Mean = 19-8 comas. S.D. ± 10-5. This was considered present when no purposive response was made to painful supra-orbital stimulation. Six of the subjects at the end of the experimental time showed transient evidence of depth-tonic extensor spasms or a coarse generalized tremor. No case had been in deep coma earlier in the test period.
(4) Deep coma (17 series of observations, 14 cases).-Range of insulin dosage 160 to 560 units. Mean = 290 units. S.D. + 156. 11 to 28 previous number of comas. Mean = 18-6 comas. S.D. ± 5 0.
The appearance of sustained tonic extensor spasms was taken as the appropriate criterion in this group with one exception who only showed an early loss of corneal reflexes. These reflexes were also lost in 3 of the cases showing tonic extensor spasms. Many writers have followed Wilson (1936) in saying that corneal areflexia should be taken as the critical sign of depth but in our experience strict adherence to this dictum increases the incidence of delayed recoveries. Even with this degree of caution 2 cases were slow in recovery after intravenous glucose had been given.
Patients in whom confusion or recovery and sopor were required tended to be selected from cases early in treatment. Subjects in whom light and deep comas were attained were chosen from men who had received a considerable amount of insulin previously. This was due to the greater ease in forecasting and inducing coma when experience had been gained of previous responses. The difference between the average number of comas received in confusion, recovery or sopor and light or deep coma are statistically significant. Patients in light coma received on the average 10 4 more comas than those in sopor. This number gives a t value of 2-43 and P < 05. The variation in dose of insulin injected was such that the only significant difference between means occurred between confusion or recovery and the other three groups. In comparison with sopor the difference was 151 -3 units for which t = 2-28, P < 05.
The following biochemical methods were used: blood glucose, Hagedorn and Jensen; serum inorganic phosphate, Bodansky (1937); serum potassium, Jacobs and Hoffman (1931); serum protein, biuret (Harrison, 1947) ; serum sodium, McCance and Shipp (1931); serum chlorides, Whitehom (1921); serum bicarbonate, Van Slyke (1922) .
The blood glucose results are shown in Table I . For key to tables see footnote to Table I. The mean values ran parallel to the clinical findings fairly accurately. As observed by previous writers individual cases occur which differ widely from the average of their group. The figures for confusion or recovery had their minimal value at the first half-hour reading. The differences in blood sugars compared with the corresponding deep coma levels became increasingly significant after one hour (t progressively larger, P uniformly <-01). It is of interest that even the differences in the resting values, half and one hour after Proceedings of the Royal ASociety of Medicine d! intravenous insulin, were also significant, P < -05. In sopor the glucose curve reached its lowest level three hours after the injection of insulin. This corresponded to the clinical possibility that 6 cases would have reached coma if the period of hypoglycemia had been prolonged. Two other features of the sopor curve are the slower initial fall and the temporary rise in values between one and two and a half hours after injection. The high mean value half an hour after insulin injection included 2 cases with unduly high glucose figures at this point-the maximum being a resistant case (dose of insulin 800 units) who recorded a value of 77 mg. %. The figures at one and a half hours and two hours can be attributed to an attempt at recovery which was overcome by insulin still available and active. The level of blood glucose at one and a half hours was significantly higher than the value at one hour. The difference of 4-6 mg. 0 gave a t value of 3-49, P <-01. This temporary rise in glucose was not associated with any particular clinical correlate such as overt anxiety, restlessness or myoclonus. 
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In light coma the resultant average glucose curve remained relatively flat throughout the test period. Since 6 cases showed transient evidence of depth it can be assumed some of this group would have sunk to a deeper level had they not been interrupted. 6 patients were extremely restless and 4 had myoclonic movements but these phenomena again were not related to transient increases in blood glucose content. The differences between light and deep coma were not sufficiently large to be statistically significant; nevertheless the light coma values are consistently higher throughout the experimental time. In deep coma the blood glucose figures are similar to those found by Freudenberg (1938)-the important point being the maintenance of a blood sugar below 30 mg.%. The remaining substances have, broadly speaking, been affected by three main factors-the changes in the carbohydrate mechanism, the loss of fluid by sweating and effects on the alkali reserve. Inorganic phosphate and potassium are involved in the removal of glucose from the blood. The inorganic phosphate figures expressed as mg. of phosphorus % are given in Table II Unlike glucose inorganic phosphates did not run parallel to the clinical findings. The only statistically significant difference of 0-48 mg. % (t = 2-11, P < -05) occurred between confusion or recoverv and deep coma three hours after injection of insulin. With the doses used the phosphate level reached its minimum one hour after the onset of hypoglycemia and slowly recovered. It is of interest that sopor, where the glucose curve showed a slower fall and an attempt at restoration, was associated with the greatest fall and recovery of phosphate in the whole series.
The potassium findings are shown in Table III and As with inorganic phosphates the potassium curves bore no parallel relation to the clinical picture comparable to that seen in the case of glucose. Potassium did not show such a well-marked tendency to recover as occurred with phosphates. Even half an hour after interruption, when the patient was sitting up eating his breakfast, there had been little in the way of potassium restoration. The most marked differences were found between confusion or recovery and sopor. They became statistically significant at one and a half hours (difference 1 47 mg. %, t = 2-78, P <-02). two hours (difference 1 -84 mg. %, t = 2-65, P < 02) and at two and a half hours (difference I -78 mg. %, t --2-42, P < 05).
Comparison of sopor and light coma showed a greater tendency towards recovery in the latter, although a similar or possibly greater amount of insulin to that used in sopor was giver The difference of 1 -74 mg. %0 between them at two hours after insulin injection was significant (t 2-6J, P < 02). Although not to a significant degree the phosphate curves followed a similar pattern.
The next most important factor considered is the loss of fluid which, in our experience, during a routine coma may vary from i lb. to 7 lb. loss of weight. This dehydration must in part be responsible for anyreported rise in blood constituents and tends to invalidate conclusions drawn from such findings. Conversely it decreases the amount of fall a substance may undergo-thus emphasizing such significance as may occur. With the remaining substances examined there were no significant differences between clinical groups and the various levels reached were compared for statistical purposes with the resting value of the clinical group, concerned. We found a rise in both the proteins (Table IV M. 6-9 6-9 6'9 6-9 7'0 7'2 7'2 6-9 S.D. *6
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Protein level tended to be restored at the end of the experimental time in confusion or recover:v having been significantly raised by '1 and -2 gramme 0/0 at one and one and a half hours after insulin injection (t= 3-29 and 2-35: P < 01 and < 05 respectively). In sopor the rise of protein was delayed until the last half-hour before showing the significant increases of '2 and '4 gramme % (t = 2-43 and 2-8: P < 05 for both values). At the time the blood glucose was showing its abortive attempt at recovery there was a tendency for the protein level to fall below its resting value. Light and deep coma have similar curves, with the most sustained and marked effect occurring in light coma where the significant increase was maintained from one and a half hours. after insulin injection. 
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The plotting of the sodium means produced curves very similar to those seen in the case of the proteins. The values in confusion or recovery were significantly raised at one and a half hours and two hours after insulin injection (8-3 and 3-7 mg.%: t = 4-18 and 2 57: P <'01 and < 05 respectively). In sopor there was a steady increase which never became statistically significant. As with protein light and deep coma sodium levels were both associated with important increases; and again to a much greater extent in light coma.
Finally we found a fall in the chlorides (Table VI) and bicarbonate (Table VII) . Chlorides fell progressively with increasing clinical depth but less consistently so in light coma. In confusion, or recovery the level did not reach a significant degree but was progressive in spite of apparent clinical recovery.
In sopor the fall became significant at two and a half and three hours after injection (15 and 18 mg. %: P < 05
for both values of t = 2-48 and 2-51). In light coma the fall was not sufficient to be statistically important; an observation probably linked with the hiemoconcentration and increased sodium levels described. In deep coma the fall of chlorides became significant from one and a half hours (14-3 mg.%: t = 2-69, P < 02) onwards. All groups showed a fall of bicarbonate which was uniformly statistically significant. The only exceptions were the reading half an hour after insulin injection in confusion or recovery and the last one before interruption in sopor. Light and deep comas had a similar distribution-the latter being more consistent. The falls in bicarbonate were such that P < *01 for all values of t in deep coma. Hlypoglycmmic coma apart from aglycimia is essentially a failure of oxygen utilization. It is a well-known phenomenon that hypoglycemic blood becomes bright red, and in the absence of glucose, brain and other organs are unable to use available oxygen. Oxygen consumption and carbon-dioxide output of posturing muscle in the decerebrate animal are considerably lowered (Samson Wright, 1948) . Deep coma with its tonic extensor spasms, Magnus and de Kleijn reflexes, is akin to decerebrate rigidity with a consequent well-marked lowering of metabolism.
In discussing and summarizing these findings it is apparent that whether or not a patient goes into hypoglycemic coma depends upon numerous variables. The difference in quantities of insulin is clearly important but in our material was only statistically significant in confusion or recovery where the restoration of the glucose curve was clearly apparent. The substances taking part in the removal of carbohydrate from the blood behaved in a similar but less obvious manner. The inorganic phosphates showed a degree of restoration which was only significantly different from that found in deep coma. With potassium less capacity was shown towards spontaneous recovery. There was a transient rise of protein and sodium, which we have attributed to dehydration, while neither chlorides nor the alkali reserve showed evidence of spontaneous recovery before the interruption of hypoglycwmia. The sopor glucose curves suggested a mobilization of glucose which unlike the response in confusion or recovery was insufficient to restore normal equilibrium. This abortive restoration of glucose was associated with a sharper removal and recovery of inorganic phosphates which persisted even when the glucose curve fell again. This marked fall of phosphates might suggest that the temporary influx of glucose masks the amount of glucose actually removed from the blood by insulin-it being generally thought one of the functions of the latter is to facilitate phosphorylation of glucose. Examination of the potassium curves revealed a similar state of affairs, but to an even greater extent. It is well known that blood potassium falls in response to either glucose or insulin and we suggest the greater fall of phosphates and particularly potassium in sopor is associated with the special effort made to replace the blood glucose shown in this clinical level. This is also interesting in view of the suggestion that loss of potassium plays a part in the production of irreversible coma, a condition which Spencer (1947) had observed more frequently in the first fourteen days of treatment. In light coma there was no obvious attempt at glucose recovery and the resultant glucose levels were uniformly less than those recorded for confusion and recovery or sopor. Both phosphates and potassium showed an increased capacity for recovery and particularly did this apply to potassiuin. This has been related to the absence of any marked attempt to replace the blood glucose level at this stage. Since the number of previous comas given in light coma was significantly greater than in sopor it seems reasonable to ascribe this change in potassium behaviour in part at least to treatment. Kersley et al. (1950) treated cases of active rheumatoid arthritis with insulin and described the characteristic fall of serum potassium. They quoted Sprague who found a drop in potassium the most constant biochemical finding of any in treatment with cortisone or adrenocorticotrophic hormone and suggested that insulin directly stimulates the adrenal cortex. Whether this is true or not prolonged treatment produces a diminished capacity on the part of insulin to produce marked changes in serum potassium level. In addition proteins were raised for a longer period and to a statistically significant extent-a phenomenon we have related to increased dehydration of the blood serum. This again may partly be a treatment effect and may imply compensatory changes in water balance, particularly as one of the most obvious clinical effects of prolonged insulin therapy is an increased obesity. Haemoconcentration in light coma was associated with a marked increase in sodium levels and a decreased chloride loss. Since sodium is thought to inhibit glucose oxidation, it could be argued that another defensive mechanism, possibly improved by a course of treatment, was operating in light coma. Finally in deep coma, which is similar to decerebrate rigidity where muscle is capable of existing for several days on a low oxygen consumption, a new low level of metabolism is reached. This coincides with the reduction of bodily temperature which is usually in the region of 950 F. at this stage. Owing to the speed with which this hypoglycvmic level was reached the various defensive mechanisms described above are no longer apparent. Consequently there were no striking biochemical changes apart from the low blood sugar necessary for its production and a sustained fall in bicarbonate. In deep coma failure to utilize oxygen is at its maximum and gaseous interchange in the blood at a minimum. Laboured breathing is a common feature and a further fall in alkali reserve to be expected.
Returning to coma resistance, clearly it is not a clear-cut entity but the end of a scale dependent upon numerous variables. Only 3 cases in this series seem worthy of comment-2 patients in whom 320 units of insulin only produced a confusional state and one subject in whom 800 units resulted in sopor. None of the 3 had previously been in coma prior to testing and all later lost their coma resistance. All 3 showed a marked fall of inorganic phosphates and potassium but no other outstanding difference from the remaining cases examined. Their resistance appeared to be an exaggeration of that normally seen early in treatment. Coma resistance tends to decrease during a course of comas although the converse happens, but less frequently. The resistance of patients investigated more than once in these experiments, with one exception, decreased in this way. It is of interest in this connexion to point out that the mean resting glucose value of our patients who had deep comas was significantly less than those who only became confused or recovered within the experimental time.
The diminished response on the part of the carbohydrate mechanism to insulin as treatment proceeded indicates a type of adaptation to shock therapy. In our experience each clinical level was on the whole associated with a characteristic biochemical picture-a product of the interplay between insulin and the bodily responses.
Summarv.-Half-hourly observations upon the changes in blood glucose, serum inorganic phosphates, potassium, protein, s'odiurn, chloride and bicarbonate in men undergoing insulin coma therapy are reported.
The results are classified in terms of the following clinical levels-confusion or recovery, sopor, light and deep coma.
As treatment proceeds, the amount of insulin required to induce coma generally diminishes and it becomes easier to forecast a particular clinical state.
The most uniform changes occurred in blood glucose, serum inorganic phosphate and potassium. The phosphate and potassium changes agreed with those usually found when glucose is removed from the blood.
Of particular interest was the unsustained attempt at restoration of blood glucose in sopor, when the transient rise in the blood glucose curve was associated with a marked fall in phosphate and especially potassium, which we have suggested is related to the influx of glucose into the blood.
The similarity of insulin dosage in sopor and light coma brings out the changes which occur in the carbohydrate mechanism during treatment. Claims have been made that the therapeutic effects of insulin are due to direct stimulation of the adrenal cortex and the fall of potassium is adduced as evidence to support this view. In response to insulin, this effect becomes less pronounced as treatment proceeds.
We have related the rise in protein and sodium and fall of chlorides to marked sweating which induces hemoconcentration and chloride loss. In our series the most consistent increase of protein and sodium occurred in light coma. Since sodium inhibits glucose oxidation we suggested this was a second line of defence.
The outstanding features of deep coma were the uniformly low blood sugar and consistently low bicarbonate readings. The latter have been linked with the failure to utilize oxygen which is the fundamental feature of deep hypoglycxemia. IN order to get a composite picture of the effect of the changes in serum electrolytes discussed in the foregoing paper, the changes in the base-acid difference in the serum were examined. The two bases studied, sodium and potassium, have normal ranges, in m.equiv./litre, of 141-3-152-2 and 4-6-5-6 respectively and a possible total normal range of 145-9-157-8. Using the factor 2-43 to convert grammes % of protein to milli-equivalents/litre and the usual chemical equivalents, the normal range of the acidic components studied is as follows:
Chloride . . 96-0-106-0 m.equiv./litre Bicarbonate.. 24-6-350O Phosphate . 0. O7-17
Protein 13-6-207
Total 134-9-163,4
The possible normal range of base-acid difference for these six components is therefore I I0 to -5 6 m.equiv./iitre the mid-point of this range being 2-7 m.equiv./litre. Since serum is nearly neutral in reaction, its acidic and basic components must be in such concentrations that when all are considered the sums of the two types of components must be the same. The resting differences we found would most likely approximate to zero had account been taken of the other two main bases, calcium and magnesium, and the remaining acids, sulphuric and a group of organic acids such as lactic, pyruvic and so on. The base-acid changes observed in our four groups of cases are summarized in Table VIII and 
